(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 




Hill 



(43) International Publication Date (10) International Publication Number 

18 April 2002 (18.04.2002) p C T WO 02/30206 Al 

(51) International Patent Classification 7 : A01N 63/00, [US/US]; 56 Norwood Avenue, Newton Centre, MA 

43/04, A61K 48/00, 31/70, G01N 33/00, A01K 67/00, 02459 (US). 

67/033, 67/027 

(74) Agent: PRASHKER, David; David Prashker, P.C, 8 

(21) International Application Number: PCT/USOi/29756 Chateau Heights, Magnolia, MA 01930 (US). 

(81) Designated States (national): AU, CA, JP. 

(22) International Filing Date: 

24 September 2001 (24.09.2001) (84) DesigIiated states (regional): European patent (AT, BE, 

CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 

(25) Filing Language: English NL, PT, SB, TR). 

(26) Publication Language: English Published: 

— with international search report 

v - - iv. — before the expiration of the time limit for amending the 

^!?o^i^ ata: ^ , ™« m „„ claims and to be republished in the event of receipt of 

09/684,679 7 October 2000 (07.10.2000) US amendments 

(71) Applicants and For two-letter codes and other abbreviations, refer to the "Guid- 

(72) Inventors: XIAO, Yong-Fu [US/US]; 26 Pequot Road, ance Notes on Codes and Abbreviations*' appearing at the begin- 
=== Wayland, MA 01778 (US). MORGAN, James, P. ning of each regular issue of the PCT Gazette. 



VO " ~ ~~ 

O (54) Title: GENETICALLY ALTERED MAMMALIAN EMBRYONIC STEM CELLS, THEIR LIVING PROGENY, AND THEIR 
«S THERAPEUTIC APPLICATION FOR IMPROVING CARDIAC FUNCTION AFTER MYOCARDIAL INFARCTION 

(57) Abstract: The present invention provides genetically altered mammalian embryonic stem cells, their living descendent progeny 
g having an altered genomic DNA, and therapeutic methods using these cells for improving cardiac function in a living subject after 

myocardial infarction. The genetically altered embryonic stem and progenitor cells may be maintained in- vitro as a stable cell line; 
Q and transplanted as active, mitotic cells to an infracted area of the myocardium using any surgical procedure. After transplantation 

at a chosen anatomic site within the heart of the subject, these genetically altered cells with differentiate in-situ, cause a regeneration 
^ of myocardocytes, and will effect a market improvement in cardiac function for the subject 



WO 02/30206 



PCT/US01/29756 



1 

GENETICALLY ALTERED MAMMALIAN EMBRYONIC STEM CELLS, 
THEIR LIVING PROGENY, AND THEIR THERAPEUTIC APPLICATION FOR 
IMPROVING CARDIAC FUNCTION AFTER MYOCARDIAL INFARCTION 



CROSS REFERENCE 
This application is a Continration-In-Part of United States Patent 
1 0 Application Serial Number 09/655,124 filed September 5, 2000, now pending. 

FIELD OF THE INVENTION 
The present invention is concerned generally with cellular compositions and 
methods for improving cardiac function in a living subject after the occurrence of a 
1 5 myocardial infarction; and is focused in particular upon the preparation and 

therapeutic use of novel genetically altered mammalian embryonic stem cells and 
their direct descendent progeny as cells for in-vivo transplantation into the infarcted 
areas of the myocardium in a living host subject 

20 BACKGROUND OF THE INVENTION 

Myocardial infarction: 

Myocardial infarction (MI) is a life-threatening event and may cause cardiac 
sudden death or heart failure. Despite considerable advances in the diagnosis and 
treatment of heart disease, cardiac dysfunction after MI is still the major 

25 cardiovascular disorder that is increasing in incidence, prevalence, and overall 

mortality (Eriksson etal.. 1995). After acute myocardial infarction, the damaged 
cardiomyocytes are gradually replaced by fibroid nonfunctional tissue. Ventricular 
remodeling results in wall thinning and loss of regional contractile function. The 
ventricular dysfunction is primarily due to a massive loss of cardiomyocytes. It is 

30 widely accepted that adult cardiomyocytes have little regenerative capability. 

Therefore, the loss of cardiac myocytes after MI is irreversible. Each year more 
than half million Americans die of heart failure. The relative shortage of donor 
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hearts forces researchers and clinicians to establish new approaches for treatment of 
cardiac dysfunction in MI and heart failure patients. 

Cell transplantation: 
5 Cell transplantation has emerged as a potential novel approach for 

regeneration of damaged myocardium in recent several years. Transplanted 
cardiomyocytes have been shown to survive, proliferate, and connect with the host 
myocardium (Soonpaa etaL 1994). Engrafted cells may regenerate new 
cardiomyocytes to replace infarcted myocardium or serve as a source for therapeutic 

10 gene transfer to inferct areas (Leor etaL 1997). Li and his coworkers (Li etaL 

1996) demonstrated that transplanted fetal cardiomyocytes could form new cardiac 
tissue within the myocardial scar induced by cryoinjury and significantly improve 
heart function (Li etaL 1997). Bishop et al. (Bishop etal, 1990) reported that 
embryonic myocardium of rats could be implanted or cultured. They suggested that 

15 the engrafted embryonic cardiomyocytes proliferated and differentiated in host 
myocardium. In a recent review, Hescheler etal. (Hescheler etal., 1 997) pointed 
out that pluripotent ES cells cultivated within embryonic bodies reproduce highly 
specialized phenotypes of cardiac tissue. Most of the biological and 
pharmacological properties of cardiac-specific ion currents were expressed in 

20 cardiomyocytes developed in vitro from pluripotent ES cells. Electrophysiological 
characteristics of these cells developed from ES cells were similar to those 
previously described in adult cardiomyocytes or neonatal mammalian heart cells 
(KilbometaL, 1990; Hescheler etaL 1997). 

Transplantation of xenogeneic, allogeneic, and autologous cardiomyocytes, 

25 skeletal muscle, cells, and smooth muscle cells in normal and injured myocardium 
has been reported in different species. Several studies have demonstrated the 
feasibility of engrafting exogenous cells into host myocardium, inclu ding fetal 
cardiomyocytes (Soonpaa etal.. 1 994), cardiomyocytes derived from artial tumor 
(ATI) (Koh etaL 1993), satellite cells (Chiu etal.. 1995), or bone marrow cells 

30 (Tomita et al., 1999). These engrafted cells have been histologically identified in 
normal myocardium up to 4 months after transplantation (Koh etal.. 1993). Cells 
transplanted close to native cardiomyocytes could form intercalated disks. Gap 
junctions have been found between the engrafted fetal cardiomyocytes and the host 
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myocardium (Soonpaa etaL 1994), thereby raising the possibility of an electrical- 
contraction coupling between transplanted cells and the host tissue. Recently, cell 
transplantation has been extended into ischemically damaged myocardium in rats 
with coronary artery occlusion (Scorsin etaL 1996; 2000), or in cryoinjured rats (Li 
5 etaL 1996) and dogs (Chiu etaL 1995). More recently, Li and his coworkers (Li et 
•al, 2000) showed that autologous porcine heart cell transplantation improved 
regional perfusion and global ventricular function after a myocardial infarction. 
Angiogenesis has been found after cardiomyocyte transplantation, which increases 
the survival of the donor cells in infarcted myocardium. Tissue engineering is a 

10 potential therapy for end-stage organ disease and tissue loss (Kim and Vacanti, 

1999). Therefore, ES cell implantation is possible a novel approach for therapy of 
cardiac dysfunction in myocardial infarct hearts. 

Over the last two decades, the morbidity and mortality of heart failure has 
markedly increased (Tavazzi, 1998). Therefore, finding an effective therapeutic 

1 5 method is one of the greatest challenges in public health for this century. Although 
there are several alternative ways for treatment of heart failure, such as coronary 
artery bypass grafting and whole-heart transplantation, myocardial fibrosis and 
organ shortage, along with strict eligibility criteria, mandate the search for new 
approaches to treat the disease. Cell transplantation has emerged to be able to 

20 increase the number of contractile myocytes in damaged hearts. Cardiomyocytes 
derived from embryonic stem (ES) cells may be a viable source for donor 
cardiomyocytes (Robbins etaL. 1992). ES cells are pluripotent cells derived from 
the early embryo and retain the ability to differentiate into all cell types in vitro 
_ including cardiac myocytes (MaltsevetaL, 1993; Metzgeretal., 1994; Lavranoset x 

25 ajL, 1995; Rathjen etaL 1998). Cardiac myocytes derived from cultured ES cells 
exhibit cell morphology, sarcomere formation, and cell-cell junctions s imilar to 
those observed in cardiomyocytes developing in vivo (Klug et al.. 1996; Westfall et 
aL,1997). 

\ In addition, by using porcine as the host, Van Meter and his colleges (Van 
30 Meter etaL 1995) showed that either transplanted human atrial cardiomyocytes or 
fetal human ventricular cardiomyocytes can induce the growth of new blood vessels 
in the graft area and the host ventricle. The increase in microcirculation could 
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provide the grafted cells with blood supplies and remove cellular debris after cardiac 
injury. 

Significance: 

5 After intramyocardial transplantation, these cells may communicate with 

their surrounding tissue, signaling the formation of blood vessels to nourish them. 
These transplanted cells also can differentiate to new functional cardiomyocytes in 
the infarct area. Therefore, it is in theory perhaps possible that such engrafted cells 
might restore cardiac function. One more advantage of ES cell transplantation is 

1 0 that less immunorejection reaction may occur because of lack of membrane surface 
antigens in ES cells. Thus, this unique approach might provide for an effective in- 
vivo therapy of myocardial infarction and heart failure. If such an unexpected 
approach were developed and brought into functional existence, the public health 
benefits of this therapeutic approach would be potentially great, because millions of 

1 5 patients in the world die of MI and heart failure every year. 

SUMMARY OF THE INVENTION 
The present invention has multiple aspects. A first aspect provides a 
genetically altered embryonic stem cell suitable for on-demand implantation in-vivo 
20 into a living host subject, said genetically altered embryonic stem cell comprising: 
a primordial embryonic stem cell of mammalian origin which 

(i) remains uncommitted and undifferentiated while passaged in-vitro 
as a self-renewing cell, 

(ii) is implantable in-vivo at a chosen anatomic site as an 
25 uncommitted cell, 

(iii) integrates in-situ after implantation into the body of the living 
host subject at a local anatomic site, and 

(iv) differentiates in-situ after integration into a recognized type of 
differentiated cell of embryonic cell origin; and 

30 at least one extra nucleotide segment comprising a vector and not less than 

one DNA sequence encoding a specific product which is to be expressed 
subsequently by said embryonic stem cell in-situ. 
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As second aspect of the invention provides the living progeny of a 
genetically altered embryonic stem cell suitable for on-demand implantation in-vivo 
into a living host subject, said living progeny comprising: 

multipotent descendant cells of mammalian embryonic stem cell origin 

5 which 

(i) remain undifferentiated while passaged in-vitro as mitotic 

cells, 

(ii) are implantable in-vivo at a chosen anatomic site as 
undifferentiated cells, 

1 0 (iii) integrate in-situ after implantation into the body of the living 

host subject at a local anatomic site, and 

(iv) differentiate in-situ after integration into a recognized type of 
differentiated cell of embryonic cell origin; and 

altered mammalian genomic DNA comprising a vector and not less than one 
1 5 DNA sequence encoding a specific product which is to be expressed subsequently 
by said progeny cells in-situ. 

BRIEF DESCRIPTION OF THE FIGURES 
The present invention may be more easily understood and better appreciated 
20 when taken in conjunction with the accompanying drawing, in which: 
Fig. 1 is a representation of continuous chart strip recordings of 
hemodynamic measurements in anesthetized animals illustrating improvement of 
left ventricle function after ES cell transplantation; 

Fig. 2 is a representation of original recordings illustrating improvement of 
25 the inotropic effects of isoproterenol on papillary muscles after ES cell 
transplantation; 

Fig. 3 is a graph illustrating the inotropic response to isoproterenol 
stimulation after ES cell transplantation; 

Figs. 4A-4D are hematoxylin-eosin stained histological sections viewed with 
30 light miscroscopy showing engrafted cells in the infarcted myocardium of MI rats; 

Figs. 5 A-SD are representations of continuous chart strip recordings of 
hemodynamic measurements in anesthetized animals illustrating the improvement of 
ventricular contractility after ES cell transplantation in MI mice; and 
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Figs. 6A and 6B are microscopic views (x200) of ES cells undergoing 
differentiation in culture 2 days and 8 days after withdrawal of leukemia inhibitory 
factor (LBF) from the conditioned culture medium. 

5 DETAILED DESCRIPTION OF THE INVENTION 

The present invention is the preparation and therapeutic use of genetically 
altered, mammalian embryonic stem cells and their direct descendent progeny, 
embryonic progenitor cells, having an altered mammalian genomic DNA content 
Embryonic stem cells and their living progeny are typically cultured in-vitro as a 

1 0 stable cell line; and may be passaged through many generations as a clone of active 
and mitotic cells having in common a single ancestor embryonic stem cell. The 
origin and initial source of these cultured cells is mammalian; and thus includes 
human as well as the well recognized murine, porcine, and other mammalian 
families, species, and genera 

1 5 The present invention also requires and demands that the mammalian 

embryonic stem cells and their descendent progeny be genetically modified in 
identifiable degree such that the native genomic DNA also now comprises at least 
one extra nucleotide segment comprising a vector (of any conventionally known 
type) and not less than one additional DNA sequence encoding a specific product 

20 which is expressed by the altered stem and progenitor cells subsequently in-situ after 
the cells have been transplanted to a chosen anatomic site in the body of the host 
subject The additional DNA sequence may be an endogeneous nucleotide segment 
such that the encoded specific product becomes overexpressed by the altered cell. 

Alternatively, the additional DNA sequence may be an exogenous nucleotide 

25 segment by which a foreign or heterlogous gene becomes genetically introduced to 
and becomes subsequently expressed by the altered cell. Also, the extra nucleotide 
segment may comprise promoter, suppressor, or other regulatory genes rather than 
constitute a structure gene as such. 

Accordingly, by the very requirements of the present invention it is thus 

30 important, if not essential, that the user be at least familiar with the many techniques 
for manipulating and modifying nucleotides and DNA fragments which have been 
reported and are today widespread in use and application. Merely exemplifying the 
many authoritative texts-and published articles presently available in the literature 
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regarding genes, DNA nucleotide manipulation and the expression of proteins from 
manipulated DNA fragments are the following: Gene Probes for Bacteria (Macario 
and De Marcario, editors), Academic Press Inc., 1990; Genetic Analysis. Principle 
Scope and Objectives by John R.S. Ficham, Blackwell Science Ltd, 1994; 
5 Recombinant DNA Methodology II (Ray Wu, editor), Academic Press, 1 995; 
Molecular Cloning. A Laboratory Manual (Maniatis, Fritsch, and Sambrook, 
editors), Cold Spring Harbor Laboratory, 1982; PCR (Polymerase Reaction^ 
(Newton and Graham, editors), Bios Scientific Publishers, 1994; and the many 
references individually cited within each of these publications. All of these 

1 0 published texts are expressly incorporated by reference herein. 

In addition, a number of issued U.S. Patents and published patent 
applications have been issued which describe much of the underlying DNA 
technology and many of the conventional recombinant practices and techniques for 
preparing DNA sequences coding for compounds such as VEGF. Merely 

1 5 exemplifying some of the relevant patent literature for this subject are: U.S. Patent 
Nos. 5,486,599; 5,422,243; 5,654,273; 4,356,270; 4,331,901; 4,273,875; 4,304,863; 
4,419,450; 4,362,867; 4,403,036; 4,363,877; as well as Publications Nos. 
W09534316-A1; W09412162-A1; W09305167-A1; W09012033-A1; W09500633; 
W09412162; and R09012033. All of these patent literature publications are also 

20 expressly incorporated by reference herein. 

The Embryonic Stem Cell 
' The true source or origins of the embyronic stem cells does not meaningfully 

matter when used as the host recipient for transfection. All that is required for 

25 practicing the present invention is that a pluality of embryonic stem cells, with or 

without their decendant progeny, be available as host cells for transfection purposes. 

It is both preferred and desirable that the host embryonic stem cells be a 
stable culture of cells maintained in-vitro; be a pure culture of cells having- a 
common cell ancestor; and be in a active or mitotic stage of existence. It is also 

30 foreseen that the best biological compatibility including histocompatibility antigens 
and the like exist Thus embryonic stem cells of human origin are preferred for use 
with human subjects; murine sources of embryonic stem cells are desirable for used 
with rats and mice; and other sources of embryonic stem cells from the various 
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ma m m alian species (pigs, horses, cows) are preferred for use with each of these 
mammalian types specifically. 

When transfecting the host cells, it is very desirable that both the true 
embryonic stem cell as well as the direct progeny decendants of these cells be 
5 transfected in common. In this manner, a single clone of true stem cells and their 
immediate decendants then carry the newly introduced DNA; and these genetically 
modified cells will individually differentiate in time to provide the desired 
therapeutic effect and outcome. 

Embryonic stem cells have several distinctive and characteristic features, by 

1 0 which they are typically identified and distinguished from other kinds of cells. 

Embryonic stem cells are: (i) uncommitted and undifferentiated cells; (ii) pluripotent 
cells having an unlimited proliferation capacity; and (iii) are able to self-renew and 
self-maintain their existence when replicating by producing two daughter progeny 
cells, one of which becomes a self-renewed stem cell and the other becoming a 

1 5 direct and true descendent cell, usually designated a "progenitor" cell. The daughter 
self-renewed stem cell is identical to and indistinguishable from its parent stem cell. 
However, the daughter "progenitor" is markedly different from the parent stem cell. 

In comparison to its parent, the descendent progenitor cell has a large, but 
limited proliferation capacity. This direct descendent daughter cell is itself a 

20 multipotent cell which is and remains uncommitted and undifferentiated as such. 

However, the rate of proliferation for the daughter progenitor cell is much greater 
than its stem cell parent; and the progenitor cell proliferates rapidly in-situ during its 
finite number of reproductive cycles. 

The dominant characteristic property and attribute of the progenitor cells is 

25 their ability to become committed to a single cell lineage and line of development It 
is thus at the stage of commitment that the multipotency aspect and capacity of the 
ancestor cells becomes lost forever; and that these descendant progeny cells, the 
progenitor cells, become influenced in-situ by external stimuli and chemical agents 
in the local environment such that an irreversible co mmitme nt is made to one cell 

30 lineage and one cell embodiment type. 

Once cell lineage commitment occurs in the progenitor cell progeny, the 
development of the cells continues within carefully controlled and selected pathway 
limits. Also, cell differentiation as such occurs only after a prior commitment to a 
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set cell lineage has been made. At these latter stages of cell development, the 
particular form and phenotypic properties of the cell are decided; and a completely 
differentiated cell subsequently emerges as the fall and final embodiment in the 
progression of events. The nature of the influencing signals and chemical molecules 
5 which act to determine cell lineage or cell fete are presently virtually unknown. 

The embryonic stem cells and their progeny cells, the progenitor cells, are 
the host cells which are genetically altered, modified and/or changed by the 
intentional introduction (transfection or transduction) of specific nucleotide 
sequences and prepared nucleotide segments comprising endogenous or exogenous 
10 DNA encoding one or more genes to be subsequently expressed in-situ. 

Endogeneous And Foreign Gene Expression 

Gene therapy paradigms, especially for mycardial diseases and myocardial 
infarction in particular, require that the embryonic stem cell of choice be capable of 

15 either (i) over expression of naturally existing or endogeneous genes which have 

been introduced to the stem cell via transfection; and/or (ii) expression of foreign or 
exogeneous (heterologous) genes which are not a naturally occurring or constitutive 
part of the genome carried by the native embryonic stem cell. For purposes of the 
present invention, whether the gene introduced to the host embryonic stem cell is an 

20 endogenous gene (native DNA) or is a foreign gene (exogenous DNA) does not 
matter, so long as the newly introduced DNA from any source is subsequently 
expressed by the host embryonic stem cell in measurable quantities. 

As a working example and illustration, and as the present best mode of 
practicing the invention as whole, the overexpression of VEGF by the transfected 

25 embryonic stem cell as a consequence of introducing phVEGF165 [as described by 
the experiments and evidenced by the resulting empirical data presented hereinafter] 
serves as a direct demonstration and probative evidence of the broad scope and 
applicability of the present invention. 

In addition, merely as an examplary and representative (but non-exhaustive) 

30 illustration, a listing of some different growth factors and various proteins for which 
cDNAs are conventionally known and commonly prepared is given below. The 
cDNAs of these various growth factors and proteins may be inserted in an 
appropriate vector and then used to transfect the mammalian embryonic stem cells 
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and progenitor cells using procedures and techniques which are also well established 
in this art. The transfected cells, now genetically altered with any or all of these 
examplary cDNAs, will express the specific product encoded by the cDNA in-situ 
after transplantation. 

5 cDNAs of following growth factors and proteins will be used for transfection 

in embryonic stem cells: 

Abbreviation Full name 

VEGF Vascular endothelial growth factor 

10 FGF1,2 Fibroblast growth factor 1 and 2 

TGF-a & Pi-5 Transforming growth factor a & pl-5 

IGF-1 & -2 Insulin-like growth factor 1 & 2 

SERCA I & II Sarco/endoplasmic reticulum Ca 2+ ATPase I & II 

P2 Beta adrenergic receptor II 

15 Gs-protein Stimulatory guanosine-binding protein channel 

Ca 2+ channel Calcium channel 

Telomerase Telomerase 

Manufacture of the prepared DNA sequence fragment 

20 It is expected and intended that the conventionally known and commonly, 

used recombinant DNA materials, procedures, and instrumentation will be employed 
for the manufacture of the prepared DNA sequence fragments. Thus, the entire 
prepared DNA sequence structure may be synthesized directly from individual bases 
using the commercially available instruments and techniques. Alternatively, the 

25 DNA sequences existing in naturally occurring proteins may be replicated; and the 
cDNA isolated from individual clones using the appropriate enzymes and protocols. 
Regardless of the methods and means of manufacture, any and all of these protocols, 
procedures, systems, or instruments which will yield the prepared DNA sequence as 
an discrete fragment is suitable and appropriate for use with the present invention. 
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EXPERIMENTAL DESIGN AND PROCEDURES 



Metltods And Materials: 
1 . Culture of embryonic stem cells 
5 The mouse ES cell line, ES-D3, is obtained from the American Type Culture 

Collection (ATCC, Manassas, VA) and maintained with the methods as previously 
described (Smith, 1991). Briefly, ES-D3 cells are cultured in Dulbecco's modified 
Eagle's medium (DMEM) on mitotically inactive mouse embryonic fibroblast feeder 
cells (ATCC Manassas, VA). The medium is supplemented with 15% fetal bovine 

10 serum, 0.1 mM p-mercaptoethanol (Sigma, St Louis, MO), and 10 units/mi of 

leukemia inhibitory factor (LIP) conditioned medium (BRL, Gaithersburg, MD) to 
suppress differentiation. To initiate differentiation, ES cells are dispersed with 
trypsin and resuspended in the medium without supplemental LIF and cultured with 
the hanging drops (approximate 400 cells per 20 ^1) method for 5 days. Then they 

15 are seeded into 100-mm cell culture dishes for another 5 to 7 days, as shown by Fig. 
6A. Beating cardiomyocyte clusters are dissected by use of a sterile micropipets 
(Klung etaL 1995) and re-cultured for another 2 to 3 days (as shown by Fig. 68) at 
37°C in a humidified atmosphere with 5% CO2. Fig. 6B also shows Ihe morphology 
of representative spontaneously beating cells having a rate of ± 150 beats/min at 

20 37°C. Finally, cultured cells are trypsinized and collected by centrifugation at 500 g 
for 5-min at room temperature. Collected cells are resuspended in the culture 
medium with a concentration of 1 0 6 cells/ml and ready for the use of cell 
transplantation. 

2. Transfection 

25 Embryonic stem cells are transfected with cloned human VEGF cDNA (ph 

VEGF 165, a gift from Dr. Kennith Walsh's laboratory) by a calcium phosphate 
precipitation method. VEGF cDNA clone (10 ng^ is added to a test tube containing 
0.36 ml of HBS (2x) solution (in mM: 274 NaCl, 40 HEPES, 12 dextrose, 10 KC1, 
1.4 Na2HP04, pH 7.05). The calcium concentration of the cDNA solution is 

30 brought up to 250 mM by addition of 1 M CaC12. The cDNA solution is then mixed 
and incubated at 22°C for 20 min- After all these procedures, the cDNA solution is 
dripped over a cell culture (30 to 50% confluence) containing 7 ml of DMEM in a 
TI-25 flask. The transfection is satisfactory under these conditions. Transfected 
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cells are incubated at 37°C in air with 5% CO2 added and 98% relative humidity for 
3 days. These cells expressing VEGF are ready for intramyocardial transplantation 
in myocardial infarcted animals. 

5 3. Animal model of °M and ES cell transplantation 

\ The experiments were performed in male Wistar rats (Charles River, 

Wilmington, MA) with an initial body weight of 250 -300 g. MI in rats is induced 
by ligation of the left .anterior descending coronary artery under anesthesia with 
pentobarbital (60 mg/kg, i.p.) in rats using the method described previously (Min et 
10 aL, 1999). Cell transplantation was performed at the time of induction of MI. In 
cell transplanted MI rats, ES cell suspension (30 |il) was separately injected into 3 
different sites of myocardium; one within the infarcted area and two at the border 
/ between normal and infarcted areas. Each injection contained 10 nl of the medium 

with beating ES cells (10 6 cells/ml). Control animals receive the same Ml operation, 
15 but are only injected with the same volume of the ceU-free.medium. The sham 

group underwent an identical surgery with neither ligation of the coronary artery nor 
cell transplantation. Cyclosporine (15 mg/kg/day) will be administrated 
intraperitoneally throughout the study to all groups. 

20 4. Measurements of hemodynamics and isometric contraction 

Different time periods after operation, hemodynamic measurements in vivo 
are performed with the methods described previously (Litwin etal.. 1996). After the 
final measurement of the study, the heart is rapidly excised Left ventricular 
papillary muscle strips are then carefully dissected and vertically connected to a 

25 strain-gauge tension transducer (Model MBI 341, Sensotec, Columbus, OH). 

Isometric contraction of the papillary muscles obtained from ischemic area are 
elicited at 35°C in a 50-ml tissue bath containing the modified Krebs-Henseleit 
solution by a punctate platinum electrode with square- wave pulses of 5 ms duration 
at 0.33 Hz. After a 30-min equilibration, the muscle strip is carefully stretched to 

30 the length at which maximal tension developed (LmaxV Developed tension (tension 
produced by the stimulated muscle) is recorded from each muscle at this maximal 
length. After baseline parameters are obtained, the steady-state response to step- 
wise increase in bath Ca 2+ concentrations (1.0, 2.0, 3.0, 4.0 mM) is determined at the 
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plateau of the Ca 2+ - induced inotropic effects. The bath solution is then replaced 
with fresh modified Krebs-Henseleit solution. Isoproterenol (10" 7 , 10* 6 , 10" 5 , 10^ M) 
is added cumulatively to determine the inotropic response to 13-adrenergic 
stimulation. After removal of the papillary muscles for the contractility study, the 
5 weight of the left ventricle including the septum is weighed and normalized by body 
weight The ratio is calculated as indices of hypertrophy. 

5 . Measurement of infarct size 

MI is restricted to the left ventricle and is transmural in all operated rat 
1 0 hearts. The size of infarct area is quantified according to a classical and well 
described method (Leenen etal.. 1 995). 

6. Echocardiography studies 

At different time periods after MI or sham operation, the rats are anesthetized 
15 again. The echocardiography procedure is performed by a method as described 

previously (Litwin etaL, 1995; 1996). A commercially available echocardiographic 
system equipped with a 12-MHz phased-array transducer (Hewlett-Packard) is used 
for all studies. Left ventricular (LV) mass is calculated using a standard cube 
formula. Relative anterior wall thickness and relative posterior wall thickness, L V 
20 internal dimensions, endocardial fractional shortening and midwall fractional 

shortening are measured from at least three consecutive cardiac cycles on a M-mode 
strip chart recording. 

7. Histologic studies 

25 Subsets of animals are sacrificed 6 or 32 weeks after the MI operation. After 

quickly removing the hearts, the free wall of the left ventricle including the infarcted 
and periinfarcted regions is embedded in tissue freezing medium (Fisher Scientific, 
Fair Lawn, NJ). Frozen tissues are sectioned to 10-pm slides, and then stained with 
hematoxylin and eosin. To identify regenerated myocytes from engrafted ES cells, 

30 an immunofluorescent method was used to identify the oc-actin muscle isoform, 

which is present in fetal cardiomyocytes, but not in normal adult myocytes. Frozen 
tissue sections are fixed in acetone (4°C) for 10 min and incubated with a 
monoclonal anti-a-actin antibody (Sigma, St Louis, MO) for 45 min at room 
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temperature. Sections are washed three times in PBS and incubated with Cy3- 
conjugated goat anti-mouse IgG (1:400 dilution) (Sigma, St. Louis, MO) for 45 min 
at room temperature. After extensive washing in PBS, slides are mounted with 
DAPI/Antifade (Oncor, Gaithersburg, MD). New cardiomyocytes from engrafted 
5 cells will be verified with several specific markers, such as the antibodies against 
cardiac myosin, troponin, and actinin (Maltsev etal. 1994; Metzger etal.. 1996; 
Malrino etaL 1999). 

8. Data analysis 
10 Each experimental group (treated or untreated) comprises at least 6 

individual animals. All values are presented as means ± SE. Data are evaluated by 
one way ANOVA with repeated measurements. Results between two individual 
groups are compared by using unpaired Student's /-test Differences between control 
and treated groups less than P < 0.05 are considered statistically significant. 

15 

EXPERIMENTS AND EMPIRICAL RESULTS 
I Improvement of left ventricular Function after ES cell transplantation 
Myocardial infarction (MI) in rats was induced by ligation of the left anterior 
descending coronary arteiy. Three groups of rats were used in our experiments. A 

20 sham-operated group had the same operation with neither ligation of the coronary . 
arteiy nor intra-myocardial injection. Treated rats were injected with the medium 
containing beating ES cells (10 6 cells/ml) into infarcted myocardium at three 
different sites (10 p.1 per site). A control group was injected with an equivalent 
volume of the cell-free culture medium. Six weeks after myocardial infarction, the 

25 left ventricular (L V) weight and the ratio of LV weight over body weight were 
significantly increased in medium-injected animals (n - 6, Table I ) compared to 
sham-operated rats (n = 6). However, intramyocardial transplantation of ES cells in 
MI rats (n-= 7) significantly decreased the degree of LV hypertrophy and the size of 
infarcted area (Table 1 ). The infarcted area was 41 ± 3% for MI rats injected with 

30 the culture medium. Intramyocardial transplantation of ES cells reduced the 

infarcted area to 35 ± 2 % (P < 0.05). These results suggest that reduction of inferct 
area may result from improvement of blood supplies and regeneration of new 
myocardium by transplanted ES cells. 
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Table I. General characteristics of sham-operated and MI rats 

Sham MI+Medium MI+ES Cells 

(n=6) (n=6) (n=7) 

BW(g) 433.6± 21.4 424.7 ±20.8 402.8 ±18.4 

LVW(mg) 748.4 ± 21.5 1005.2 ± 42.3* 794.6 ± 22.5* 

LVW/BW(mg/g) , 1.6 ±0.2 2.4 ±0.3* 1.8 ±0.2* 

Infercted area (%) 41 ±3 35 : ± 2* 



Values are means ± SE. Sham, sham-operated rats; MI+Medium, postinfarcted rats injected with cell- 
free medium; MI+ES Cells, postm&rcted rats with ES cell transplantation at 6 week after operation. 
BW: body weight; LVW: left ventricular weight; LVW/BW: ratio of left ventricular weight and body 
weight Measurements were conducted at the time after 6 weeks of MI operation. *,p < 0.05; **,p 
15 < 0.01; vs. Sham.#,p< 0.05; vs. MI+Medium. 



With hemodynamic measurements, the observed data showed that animals 
injected with the medium exhibited a slower velocity to reach the peak of LV 

20 systolic pressure (+dP/dt), a lower LV systolic pressure (LVP), and a higher LV 
end-diastolic pressure (LVEDP) than those in sham-operated rats. This data is 
shown by Table 2 and Fig. 1 . Six weeks after transplantation of ES cells, cardiac 
contractility reflected by +dP/dt and LVSP were significantly improved These data 
indicate that while the underlying mechanism of improvement of cardiac function by 

25 1 engrafted ES cells remains as yet unknown, nevertheless, it is unequivocal that ES 
cell transplantation increases the left ventricular performance in MI animals. 

Table 2. Improvement of left ventricular function after transplantation of ES cells 

Sham MI+Medium MI+ES Cells 

30 (n=6) (n=6) (n-7) 

LVSP(mmHg) 138.4 ±6.3 84.6 ±5.2** 103.5 ±7.4** 

LVEDP(mmHg) 10.2 ±0.9 21.7±1.8** 14.4±1.5** 

+dP/dt (mrnHg/sxl03) 8.5 ± 0.7 5.6 ± 0.5** 7.3 ± 0.6* 

35 

Values are mean ± SE, Sham, sham-operated rats; Mi-Medium, postinfarcted rats injected with cell- 
free medium; MI+ES Cells, postinfarcted rats transplanted with ES cells. LVSP. the left ventricular 
systolic pressure; L VEDP: the left ventricular end-diastolic pressure; +dP/dt, the rate of peak left 
ventricular systolic pressure raise. Measurements were carried out at the time after 6 weeks of MI 
40 operation. *, P < 0.05; **, P < 0.01; vs. Sham. § ,P< 0.05; vs. MI+Medium. 
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Fig. 1 illustrates the improvement of left ventricular function after ES cell 
transplantation using continuous chart strip recordings of hemodynamic 
measurement in anesthetized animals. Column A represents the sham-operated rat; 
5 Column B represents the postinfarcted rat injected with the cell-free medium; and 

Column C represents the postinfircted rat transplanted with ES cells). Measurement 
was conducted 6 weeks after the MI operation. LVP, left ventricular pressure; dP/dt, 
instant change of left ventricular pressure.over instant time. 

In vivo, 2-dimensional targeted M-mode echocardiographic assessments 

1 0 were obtained in sham-operated and MI rats and are summarized by Table 2. 

Echocardiographic studies showed significant differences in LV geometry between 
rats with MI and sham-operated rats. LV relative anterior wall thickness and 
relative posterior wall thickness were comparable in sham-operated rats and MI rats 
with injection of medium at 6 weeks after operation. LV dimension enlarged in the 

15 infarcted hearts with injection of medium after 6 weeks in either systole or diastole. 
The prominent increase in cavity dimensions in the infarcted hearts from MI control 
group resulted in a significant decrease in relative anterior wall thickness and 
relative posterior wall thickness. Both endocardial fractional shortening and 
midwall fractional shortening were depressed in MI control rats compared to age- 

20 matched sham animals. ES cell transplantation significantly blunted the 
^ development of the left ventricular remodeling with a lower LV /body weight ratio 
than that in MI rats injected with medium that is similar as our in vitro measured 
data. LV relative anterior wall thickness and LV relative posterior wall thickness 
were increased in MI rats with ES cell transplantation. Likewise, at the end of 

25 experiment, LV diastolic dimension and systolic dimension were reduced in MI rats 
with ES cell transplantation compared to MI rats injected just with medium. The 
parallel changes in relative wall thickness and cavity diameter resulted in 
improvement of cardiac systolic function. Again, the results show that ES cell 
transplantation improves cardiac function in MI animals. 

30 
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2. Improvement of isometric contractility in papillary muscle after ES 
cell transplantation 

At baseline, papillary muscles isolated from ischemic area in the cell-free 
medium injected MI group exhibited a significant reduction of developed tension 
5 (DT). In animals with intramyocardial injection of ES cells, DT appeared to be 

significantly preserved Beta-adrenergic stimulation with cumulative concentrations 
of isoproterenol (ISO) induced a pronounced increase in DT in normal papillary 
muscles from sham-operated rats. This is shown by Fig. 2 & Fig. 3 respectively. In 
contrast, the papillary muscles isolated from MI rats injected with the medium had 

1 0 no positive inotropic response to ISO stimulation. It is surprising that ES cell 

transplantation significantly restored the inotropic response to ISO stimulation. In 
addition, isolated papillary muscles from all three groups of rats increased developed 
tension in response to increase extracellular Ca 2 * in a concenttation-dependent 
manner. However, the concentration-response curve for the MI rats injected with 

1 5 the medium was significantly shifted downwardly. The curve for the muscle tension 
versus concentration of extracellular Ca 2+ in MI rats with ES cell transplantation was 
in the middle of those for the sham-operated and control MI rats (data not shown). 
Whereas the exact underlying basis of the improvement remains undetermined, the 
increase in papillary muscle contractility of MI animals after ES cell transplantation 

20 clearly results from the effects of angiogenesis and cardiogenesis by transplanted 
cells, which in turn enhances or improves whole heart function. 



wo 
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Table 3. Echocardiography measurements of left ventricular function in vivo 





OllcUil 


ivuTxvicaiuni 


Mi+lib Cells 


PWth(%} 

A f T III! /Ul 


72.4 ±21 


41 (\ + 14* 

Hl.U ± it 


At 1 + 
Ol.j X o 




/c o x io 

65.2 ± IS 


40.7 ±10* 


57.8 ± 9 


LVDd(mra) 


7.3 ±4 


10.0 ±9** 


8.2 ±03* 


LVDs (mm) 


4.6 ±0.4 


7.5 ±1.1** 


5.8 ±0.7 


EnFS(%) 


36.8 ±5.4 


21.0 ±2.6** 


30.7 ±43* 


MWFS(%) 


20.6 ±3.6 


13.3 ±1.8* 


17.8 ±2.6* 


LVMass(g) 


0.65 ±0.1 


1.10±0.2** 


0.81 ±0.2* 


LVMass/BW (mg/g) 


1.4 ±0.2 


2.4 ±0.2** 


1.7 ±0.4* 



Values are means ± SE. Each group has 5 rats. PW th, relative posterior wall thickness; AW th, 
relative anterior wall thickness; LVDd, left ventricular diastolic dimension; LVDs, left ventricular 
systolic dimension; En FS, endocardial fractional shortening; MW FS, midwall fractional shortening; 
15 LV Mass/BW, ratio of left mass and body weight *, P < 0.05; **, P < 0.01; vs. Sham. * P < 0.05; 

vs. M+Medium. 



Fig. 2 shows the improvement of the inotropic effects of isoproterenol on 
20 papillary muscles after ES cell transplantation. Fig. 2 constitutes original 

representative recordings which show inotropic responsiveness during isoproterenol 
stimulation in papillary muscles isolated from a sham-operated rat (Sham),; and 
from a postinfarcted rat injected with the cell-free medium (MI+Medium); and from 
a postinfarcted rat transplanted with ES cells (MI+ES cells). The experiments were 
25 carried out 6 weeks after the MI operation. 

Fig. 3 illustrates the inotropic response to isoproterenol stimulation after ES 
cell transplantation. The effects of different extracellular isoproterenol 
concentrations on developed tension of isolated papillary muscles are shown in 
sham-operated and MI rats 6 weeks after the MI operation. As seen in Fig. 3, Sham 
30 represents the sham-operated group (n = 6); MI+Medium represents the MI group 
injected with cell-free medium (n = 6); MI+ES Cells represents the MI group 
transplanted with ES cells (n = 7). DT is the developed tension produced by the 
stimulated muscle. * is P < 0.05; **, is P < 0.01, vs. Sham; and # is P < 0.05, vs. 
MI+Medium. 



35 
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3. Histology and Immunofluorescent Studies 

The survey of hematoxylin-eosin-stained sections with light microscopy is 
illustrated by Figs. 4A-4D respectively. Fig. 4A represents the sham operated 
myocardium. In comparison, Fig. 4B shows the typical fibrosis in the medium- 
5 injected MI rats 6 weeks after the operation. Also, in cell transplanted MI rats 
characteristic phenotype of engrafted ES cells were found in infarcted areas as 
shown by Fig. 4C. Immunofluoresent techniques were applied and confirmed that 
these cells were clearly distinct from both normal myocytes and infarcted tissue. 
The viability of the implanted ES cells was also demonstrated by the strong positive 
10 staining to cytoplasmic a-actin as shown by Fig. 4D, which is rarely seen in adult rat 
myocardium (Leor etal.. 1996; Scorsin etal. 1996). In addition, a-actin staining 
was negative in myocardium of the sham-operated and medium-injected MI hearts. 
These results demonstrate that engrafted ES cells can survive in infarcted 
myocardium and cardiogenesis actually occurred in infarct hearts. 

15 

4. Transplantation of ES cells transfected with VEGF into infarcted 
myocardium 

In some experiments, the feasibility of transplanting ES cells - with or 
without transfection of a vascular endothelial growth factor (phVEGFKs) -into 

20 infarcted myocardium in mice was investigated. Cardiac function was evaluated in 
mice with or without ES cell transplantation after ligation of the left anterior 
descending coronary artery. Treated mice were injected with the medium containing 
beating ES cells (10 6 cells/ml) into infarcted myocardium at three different sites (10 
111 per site ). Control group was injected with an equivalent volume of the culture 

25 medium. The sham group had the same operation with neither ligation of the 
coronary artery nor intra-myo cardial injection. Six weeks after myocardial 
infarction, the systolic pressure and the velocity to the maximal pressure of the left 
ventricle in ES cell-transplanted mice were significantly greater than those in MI 
mice injected with the cell-free medium only. Transplantation of ES cells with 

30 overexpression of VEGF improved left ventricular function even greater. 

Immunofluorescent staining showed a significant overexpression of VEGF in 
transfected ES cells. The results are summarized by Fig. 5. The empirical data 
showed that ES cell transplantation significantly improved myocardial function in 
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infarcted mice, and that the degree of improvement was even greater with ES cells 
overexpressing VEGF. 

Fig. 5 illustrates the improvement of ventricular contractility after ES cell 
transplantation in MI mice as continuous chart strip recordings of hemodynamic 
5 measurement in anesthetized animals. Fig. 5A represents the sham-operated mouse; 
Fig. 5B represent the postinfarcted mouse injected with the cell-free medium; Fig. 
5C represents the postinfarcted mouse transplanted with ES cells; and Fig. 5D 
represents the postinfarcted mouse transplanted with ES cells overexpressing VEGF. 
Measurements were conducted 6 week after the MI operation. LVP, left ventricular 
1 0 pressure; dP/dt, instant change ,of left ventricular pressure over instant time. 

SUMMARY OF EMPIRICAL RESULTS 
Our recent study demonstrates that transplanted embryonic stem (ES) cells 
survive in infarcted myocardium and improve cardiac function in postinfarcted rats. 

1 5 This study was designed to investigate the feasibility of transplantation of ES cells 
with or without transfection of a vascular endothelial growth factor (phVEGF16S) 
into infarcted myocardium in mice. Myocardial infarction (MI) in mice was 
developed by ligation of the left anterior descending coronary. Cardiac function was 
evaluated in mice with or without ES cell tranplantation Treated mice were injected 

20 with the medium containing beating ES cells (10 6 cells/ml) into infarcted 

myocardium at three different sites (10 nl per site). Control group was injected with 
an equivalent volume of the culture medium. The sham group had the same 
operation with neither ligation of the coronary artery nor intra-myocardial injection. 
Six weeks after myocardial infarction, the systolic pressure and the velocity to the 

25 maximal pressure of the left ventricle in ES cell-transplanted mice were significantly 
greater than those in MI mice injected with the medium only. Isometric contraction 
of left ventricular papillary muscles was significantly improved in ES cell- 
transplanted mice than in MI mice treated with the medium only. The response of 
papillary muscles to isoproterenol (ISO) was significantly preserved in ES cell- 

30 transplanted mice, whereas the ISO-induced inotropic effect was severely blunted in 
the medium-injected mice. The effects of transplantation of ES cells transfected 
with VEGF on the improvement of left ventricular function and papillary muscle 
contractility was even greater. Western blotting analysis demonstrated the 
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overexpression of VEGF protein in implanted area. Histological study in ES cell- 
transplanted mice after 6-8 weeks of the MI operation showed that ES cells were 
surviving in infarcted myocardium. Furthermore, immunofluorescent staining 
showed a significant overexpression of VEGF in grafted ES cells in implanted areas. 
5 We concluded that ES cell transplantation significantly improved myocardial 

function in infarcted mice, and that the improvement was even greater with ES cells 
overexpressing VEGF. 
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What we claim is: 

; 1 . A genetically altered embryonic stem cell suitable for on-demand 

implantation in-vivo into a living host subject, said genetically altered embiyonic 
5 stem cell comprising: 

a primordial embryonic stem cell of mammalian origin which 

(i) remains uncommitted and undifferentiated while passaged in-vitro 
as a self-renewing cell, 

(ii) is implantable in-vivo at a chosen anatomic site as an 
10 uncommitted cell, 

(iii) integrates in-situ after implantation into the body of the living 
host subject at a local anatomic site, and 

(iv) differentiates in-situ after integration into a recognized type of 
differentiated cell of embryonic cell origin; and 

15 at least one extra nucleotide segment comprising a vector and not less than 

one DNA sequence encoding a specific product which is to be expressed 
subsequently by said embryonic stem cell in-situ. 

2. The genetically altered embiyonic stem cell as recited in claim 1 wherein 
20 said vector is a plasmid. 

3. The genetically altered embryonic stem cell as recited in claim 1 wherein 
said cell differentiates in-situ into myocardial cells. 

25 4. The genetically altered embryonic stem cell as recited in claim 1 wherein 
said DNA segment is an endogenous nucleotide sequence and encodes an 
endogenous product for expression. 

5. The genetically altered embryonic stem cell as recited in claim 1 wherein 
30 said DNA segment is an exogenous nucleotide sequence and encodes an exogenous 
product for expression. 



WO 02/30206 



PCT/US01/29756 



28 

6. The living progeny of a genetically altered embryonic stem cell suitable for 
on-demand implantation in-vivo into a living host subject, said living progeny 
comprising: 

multipotent descendant cells of mammalian embryonic stem cell origin 

5 which 

(i) remain undifferentiated while passaged in-vitro as mitotic cells, 

(ii) are implantable in-vivo at a chosen anatomic site as 
undifferentiated cells, 

(iii) integrate in-situ after implantation into the body of the ,living 
10 host subject at a local anatomic site, and 

(iv) differentiate in-situ after integration into a recognized type of 
differentiated cell of embryonic cell origin; and 

altered mammalian genomic DNA comprising a vector and not less 
than one DNA sequence encoding a specific product which is to be expressed 
1 5 subsequently by said progeny cells in-situ. 

7. The progeny as recited in claim 6 wherein said DNA segment is an 
endogenous nucleotide sequence and encodes an endogenous product for expression. 

20 8. The progeny as recited in claim 6 wherein said DNA segment is an 

exogenous nucleotide sequence and encodes an exogenous product for expression. 

9. A method for improving cardiac function in a living mammalian subject after 
the occurrence of a myocardial infarct within the heart tissue, said method 
25 comprising the steps of: 

obtaining a plurality of genetically altered mammalian embryonic stem cells 
then maintained in a culture media suitable for subsequent initiation of cell 
differentiation, said genetically altered cells comprising 

a primordial embryonic stem cell of mammalian origin which 
30 (i) remains uncommitted and undifferentiated while passaged in-vitro 

as a self-renewing cell, 

(ii) is implantable in-vivo at a chosen anatomic site as an 
uncommitted cell, 
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(iii) integrates in-situ after implantation into the body of the living 
host subject at a local anatomic site, 

(iv) differentiates in-situ after integration into a recognized type of 
differentiated cell of embryonic cell origin, and, 

5 at least one extra nucleotide segment comprising a vector and not less 

than one DNA sequence encoding a specific product which is to be expressed 
subsequently in-situ; 

introducing said genetically altered mammalian embryonic stem cells to at 
least a portion of the previously infarcted area of the heart tissue in the living 
10 subject; and J 

allowing said introduced genetically altered mammalian embryonic stem 
cells to differentiate in-situ as viable cells situated within the previously infarcted 
area of the heart tissue, whereby the cardiac function of the heart in the living 
subject becomes markedly improved 

15 

10. A method for improving cardiac function in a living mammalian subject after 
the occurrence of a myocardial infarct within the heart tissue, said method 
comprising the steps of: 

obtaining a plurality of living progeny descendants from a genetically altered 
20 mammalian embryonic stem cell, said progeny being then maintained in a culture 
media suitable for subsequent initiation of cell differentiation, said living progeny 
comprising 

multipotent descendant cells of mamm alian embryonic stem cell origin 

which 

25 (i) remain undifferentiated while passaged in-vitro as mitotic cells, 

(ii) are implantable in-vivo at a chosen anatomic site as an 
undifferentiated cells, 

(iii) integrate in-situ after implantation into the body of the living 
host subject at a local anatomic site, 

30 (iv) differentiate in-situ after integration into a recognized type of 

differentiated cell of embryonic cell origin, and, 
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altered mammalian genomic DNA comprising a vector and not less than one 
DNA sequence encoding a specific product which is to be expressed subsequently 
in-situ by said progeny 

introducing said genetically altered mammalian embryonic stem cells to at 
5 least a portion of the previously infarcted area of the heart tissue in the living 
subject; and 

allowing said introduced genetically altered mammalian embryonic stem 
cells to differentiate in-situ as viable cells situated within the previously infarcted 
area of the heart tissue, whereby the cardiac function of the heart in the living 
10 subject becomes markedly improved. 

1 1 . The method for improving cardiac function as recited in claim 9 or 1 0 
wherein said DNA segment in said altered mammalian genomic DNA is an 
endogenous nucleotide sequence and encodes an endogenous product for expression. 



15 



12. The method for improving cardiac function as recited in claim 9 or 10 
wherein said DNA segment in said altered mammalian genomic DNA is an 
exogenous nucleotide sequence and encodes an exogenous product for expression. 
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